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[57] ABSTRACT, 

A semiconductor device composed of: a substrate hav- 
ing a doped semiconductor region, a gate wiring, a 
lower conductor structure, an insulating^layer overly- 
ing the lower structure and having at least one through 
opening extending to the lower conductor structure, 
and an upper conductor structure connected to the 
lower conductor structure via the through opening, 
wherein at least one of the conductor structures is 
formed of at least one layer of a metal, a metal silicide, 
a metal nitride, a metal carbide or a conductive oxide 
film, and a metal plating layer disposed on and adhering 
to the at least one layer. 

3 Claims, 10 Drawing Sheets 
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1 2 

The conductive layers axe formed by thermal sputter- 

comno.muanmiinHAiiAiiD , ZZS>tt~E52Z£" 

substrate 1101 so that no spaces exist between layer 
This is a continuation of application Ser. No. 1109 and the underlying surf ^^^^^ 
07/151,361 filed on Feb. 2, 1988, now abandoned. exhibits a good "throwing power* , which denote the 

u// ' degree to which the applied layer fills all underlying 

BACKGROUND OF THE INVENTION 10 spaccs> for ^ to which it cove rs the underlying 

The present invention relates to semiconductor de- surfaces. . 
vices and in particular to conductive path layers for During the subsequent heating process, projections 
such devices. such as shown at 1116 grow. These projections promote 

A conventional semiconductor device, in this case a current leakage between insulating layers. Voids, or 
field-effect transistor, is shown in FIG. 1. The illus- 15 reC esses, 1117 may also form in the conductive regions, 
trated structure includes a substrate 1000, of silicon for piGS. 3a, b and c show three stages in the manufac- 
example, in which are formed a low density impurity ^ c f another conventional semiconductor device, 
(ie lightly doped) diffused region 1001 and a high den- Every part shown in FIG. 3a corresponds to the part 
sity impurity (i.e. heavily doped) diffused region 1002, wnose re f er ence numeral has the same last two digits in 
these regions forming source and drain regions of the 20 pjQ 2a. 

transistor. An oxide film region 1003 is disposed on Aiter openings are formed in layer 1208, a conductive 
substrate 1000 and a gate electrode 1004 is disposed on meta i pattern 1211 is deposited on layer 1208 and in the 
oxide film region 1003. Gate electrode 1004 and region opemn gs previously formed in that layer. Then metal 
1003 are surrounded by a sidewall layer 1005 and the un ^ ^ cxp osed parts of layer 1208 are covered by 
transistor is surrounded and isolated by an insulating 25 ^ insulating layer 1212. 

layer 1006. An interlayer insulating film 1007 is dis- Then, referring to FIG. 3c an opening is formed m 
posed above layer 1006 as well as regions 1001 and 1002 ^yer uu tQ me tal 1211. A Cr layer 1221 and an 

and electrode 1004. Au layer 1222 are then deposited in the opening for the 

Aluminum wiring paths 1008 are connected to re- plating electrode. Photoetching is performed with the 
gions 1001 and 1002. Wiring paths 1008 and film 1007 30 ^ of a ma ^ k ^ving the shape 1223. Then Au plating 
are covered by a passivation layer 1009. X225 is performed through a resist mask 1224. The AU 

As commonly occurs in conventional manufacturing p i atulg 12 2S forms a bump, or button, electrode which 
processes, the structure contains various flaws, suchas constitutes an external connector for conducting an 
a protrusion 1010 or a void 1011 on aluminum path 10Q8 t ^ ontpyxt curreBl c f the semiconductor device, 

and/or a void 1012 in passivation layer 1009. 35 w . ^ ^y^^ai methods, a conductive layer, for 

As mentioned above, in conventional seniiconductor le of Mt cannot be formed on the lower insulat- 

devices, the single-layer wiring 1008 composed of Al or f ^ ^ ^^^ye layer then be exposed by a 

Al-Si (1%) and so on is formed by the methods of sput- ^ ^ opening so as to leave no space between the Al 
tering, vapor deposition, etc. . n wr and the underlying insulating layer or the conduc- 

FIGS. 2a and 2b illustrate successive stages m one 40 ^ ^ nnrtt be exposed by a very small passage 
conventional semiconductor device nianufacturag pro- 0 ^ n ^ having a high aspect ratio. In addition, al- 
cess. In FIG. 2a, a semiconductor substrate 1101 has a ^^y aown structures do not necessarily result in a 
semiconductor device region which is surrounded by an burn ^, Qf a broken conductor, initially, the reliability 
isolating insulating layer 1102. Tota- ^ of known structures of this type is very low. 

tor device, a gate insulating film 1103 is formed on « ^^^ond manufacturing processes, as 

substrate 1101 and a gate electrode 1104 is then formed Q x ^ % ^ voids 1012> 1220 

on film 1103. Electrode 1104 may be a polyade, i*. two »o ^ ^ vation hyer 1009, 1212. These cracks 

layers of polysflicon and metal f^^vmg a high ^ adv ^J ^ mo isture resistance of 

melting point At opposite sides of electrode 1104, a low semiconductor device. 

density impurity .region 11W and a impu- 50 me iting point aluminum alloys develop 

rity region 1107 are dittoed mto substratelW^the^ ^^ uch tt 10 !o!ni6 and voids such as 1011, 

constituting source and dram regions- A ^ewau mm v ^ rocesSj ^6 pro . 

1106 is formed around electrode 1104 and film 1103. ™™> of „T nfn5flllfn mt0 shallow diffused 

Then, an insulating layer 1108 is deposited on layer mote ^^^J^^^" 1 

U02 electrode 1104, film 1106 and regions UM ; and 55 «*-^^ 

1 107. Openings are formed in layer 1108 and a first layer Jj^^f^ 

of conductive regions 1109 is deposited on layer 1108 ^^f^,^ Stance and variations in the 
and in the openings formed m that layer to form ^^^^ particular, in devices having di- 
conucts to regions 1105 - d „ ^r^Tub^^i the above undesirable 

1109 are composed of Al or AI-Sl Regions 1109 may be 60 JjJJ^^ become particularly troublesome. In fact 
produced by sputtering. jnsuiatine layer the prior art has reached a lower size limit for such 



"T^Srr Stdcnal art, when the inter- 4" -dying the lower structure and 

lavlrSlg nnTformeTas in FIG. a h^g at tat one through opening «tendmg to the 

SSSuS grows into the surface and side of con- first conductor structure, and an upper conductor struc- 

5ucS layer llW^hereupon • current short ^ 10 ^e connected to the lower conductor structure via the 

S between *e first conductive layer 1109 and the ope ning, in that at least one conductor smic- 

SndlSuctive layer 1113. And, if a compressive ^ is composed of: at least one layer of a metal, a metal 

nksma nitride layer or the like is used as the passivation a met al nitride, a metal carb.de or a conductive 

layer 1118, the void 1117 due to stress migration occurs oride ffltn . ^ a meta l plating layer disposed on and 
in Al layer 1113. Further, there occurs burnout and 15 ^hering to the at least one layer. 

deterioration of the electron migration resistance DESCRIPTION OF THE DRAWING 

Where the conductive layer is not h^ted, less of a BRIEF DESCRIPTION Or 

projection is produced. However, the throwing power mG j ^ a cross . sec tional view of one embodiment ot 
at the contact portion becomes poor, and the stress a ^conductor device according to the prior art. 
migration becomes weak. 20 FIGS. 2(a) and (b) are cross-sectional views of sue- 

Further, according to the conventional art, when ^the cessive sta ges in the fabrication of a second embodiment 
contact openings in the insulating layer, e.g. layer 1108, Qf a ^conductor device according to the prior art 
are small and the aspect ratio of the layer is large, the 3(<j) ^ (c) ^ cross-sectional views of 

coverage at the contact portion by the conductive mate- successive stages in the fabrication of a third embodi- 
rial becomes poor. In particular, at the time of non-heat- 25 ^ rf ^ xmicondxlci0T device according to the prior 
ing the crack 1219 occurs as shown in FIG. 3& Further ^ 

burnout occurs and the electro or stress migration reus- ^ (c) m cr0 ss-sectional views of 

tance also deteriorates. The worse the coverage of the ^^{^ ' « m th e fabrication of a first embodi- 
conductive portion, the worse the throwing power of of a ^^^r device according to the pres- 

the passivation layer at the top of the 30 invention 

Thereby, the occurrence of voids like 1220 substantially plGS • (c)> {d) ^ {e) are cross-sectional 
reduce the moisture resistance of the device. Q j successi ve stages in the fabrication of a second 

SUMMARY OF THE INVENTION embodiment of a semiconductor device according to 

Itisan object of thepre^tmventi^tou^uc- 35 actional views of sue 

tive material with metal pfcong m order to ceSve stages in the fabrication of a third embodiment 
SKSTSS^^^S^ o^^nduc«,r device according to the present 

problems are elinunated. nrevent . or at 40 ^nGsVo) and (d) are plan views and FIGS. 1(b), (c) 

■s£££S2E2s: sas=&J=s=E=2i 

live layers or bodies, such as button electrodes, having ing to the present invention. 

at least one electrolessly or electrolytically deposited DESCRIPTION OF THE PREFERRED 

plating layer of nickd, copper or gold. EMBODIMENTS 

A further object of the present invention is to provide 
semiconductor device conductor structures exhibiting 50 Embodiment 1 
extremely high performance capabilities, and in which, pjQg ^ fl) to (c ) snow stages in the manufacture of 
after formation of a contact opening, a metal plating ^ embodiment of the present invention. In this em- 
conductive structure can be formed on a angle layer or bodimcnt j metal plating is formed on the alummum 
multi-layer structure of metal, metal nitride, metal an- layers . Then, it is possible to form an alloy 
tide, or metal carbide, in the form of a thin film, thereby 55 ^ ^ 3!^,^^ ^ the plating metal by thermal treat- 
creating conductor structures which are free of P 10 ^"" menL ^ flGS 4 101 is a semiconductor substrate, 102 
sions, and have high electro migration resistance, high ^ device insulating layer, 103 is a gate insu- 
stress migration resistance, good step coverage, ana a film, 104 is a gate electrode, 105 is a low density 
stable and low contact resistance even when exposed to ^ mas&i region> I06isa sidewaU film, 107 is a 
high temperatures. . tn nmvide high density impurity diffused region, 108 and 112 are 

Yet another object of the invention is to provide ^ insulating layers, 109 and 113 are alummum 

conductor structures which can be used £~"«t»n mteriaye, tns^ g y n() ^ ^ ^ plating 

to diffused, or doped, regions of a semiconductor de- y resulting Ni-P-Al diffused layers, 

vie*, as weD as to gate electrodes, and which can pro- ^er. Ul ^plima Jtrided lajer. It is to be understood 

vide connections through contact openings. „ references herem to electroless plating are in- 

within contact openings, and plating layers can be de- platmg procedures. 
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phoricaddseriesandaO-lSmicroDUyerllOofNiis tenng. 

deposited only on the exposed surfaces of the conduc- Embodiment 2 

live paths of layer 109, as shown m FIO.^ *& In this 10 mustrate three stages in the manu- 

emb<£ment, the Sn substitution ^fo^«<xo- SSI device according to a second 
less plating surface preparation of the aluminum con ^^^ CTtof ^^0^ in this embodiment, metal 
ductive material is used. , nlatinz and aluminum conductive material are formed 

The Sn substitution method is a preliminary .treat- me ]ting point, also re- 

ment for improving the adhesion between 1 t metal pto> 15 ^eXor two lasers of metal 

ing layer and a metal, such j-Al. jjjdh ^yhas ^- ^-jJ^JSo thThigh melting point metal 
a poor adhesion to such metal platmg Uyer. apecin }"~ * pr GS 5 ^ elements identified by reference 
ca5y.after the formation of a Al conductive _path .mac- m-ifi «SS tt> those identified as 

rare! the device is dipped into a ^ W^hne ««£ ta » gate electrode 

solution so as to accumulate tin on the Al ^ ^y the 20 101 which can be considered as 

substitution method. Then a metal ptomg ™*™»^ SnstiiSg the lower conductor structure of devices 
performed on the resulting tinned surface. Further tie cons" * invention. In addition, as 

Ni deposition material has a P content of about 8% and aborting » . ^ a Ti layer 209 

the deposited Ni and P ™J^*$Z«£^£1 25 Tby^n elecUless Ni plating layer 210. An alu- 

^efaccordancewithtinem^ ^^'^^0!^^ 

Le, to form zinc on the Al surface, ormc^at surface of ^« shown in FIG. 5a is produced in the 
for the purpose of preventing the ^^fj"™ conventi onal manner. After completion of the manufac- 
layer from being reduced as a result of the electroless ^"^^ m nG fc whi ch includes photo- 
plating procedure. .... 111l(fn _ w i 55 etching layer 208 to form contact openings, Ti layer 209 
Then, the interlayer insulating fcyerj LL2 is formed, 35 ^^£™ow* in FIG. Sb toVthickness of 200 A 
the second layer of aluminum 113 is formed by thermal u ^StUmlly is dipped in an elec- 
sputtering after etchmg of the ^tact o^ng^tr^ JjJJ^ g^S^ hvp 4 hosp E acid series 
less. Ni plating is performed by the same metsod as . ^less Ni plating layer. 210 is formed to 
. above, and the resulting assembly issmtered at 450* C ^t^^l^k A^^^^^^^ 
Then layer 115 is formed and an <^<^^f 5 40 2?S^^iJS3tai properties as a barrier 
by photoetching of 1 rmcrono 115 As^er barrier metals, Tu W, Mo, Ta. No Hf. 
to complete the semiconductor device. can be employed. Then, conductive layer 
In the present embodiment^ the pro^o^ and vod^ £ • Aj^J- * ^ is deposited by sput- 
due to stress are not found at all in either one of layers zu co "P°^ photoetching process is performed 

from (be Al »rfta pn~» Al torn «»t *» "S^J^ ,«,»«..» -Hi. 

to the current and the heating. ^„ tfl ~* r ^nn« defined bv the openings in layer 208 

Inotherwords,ifalargecurrentisconductedbyaAl contac '^^S ^faKI* layers 213 in 

conductive path, Al atoms ™^«™TL^- oTd« "form tew ?e^~ cXts. She? all of the 
burnout, ie. a interruption m the curren npath. 1 In adtu oroer contact resistance, an 

tion, if the Al conductive path is **^^«»*» „ „S 1 L con^ct resistance is created between the 
migration of the atoms, resulting inj changes * the shape 55 £*™ '^J^^re ^£ semiconductor device, 
of *e conductive path structure °°SSSS^ in plating layer 210 acts 

P to the Al conductors prevents, or at least minimizes, ^^J^^ tanief conductive layer 211 

^o^rXereisnorernaricablechangemti^ t^^&££S2Z^~ 

tance, the bonding properties, and 60 ^M^SZ^^mtJ^^llMci 

and so on, and good reliaMity ^ ^ ^° b ^ seTconductor material, so that the contact 

While in the present embodiment, Ni electroless plat tne sui co n *=™ . tf ±t assembly is 

ing including Pi, employed, it is possible to obtain the re^ance ^no^ge 55Q . Q ^ 

same effect from Ni electroless planng without P or U P £ ^vTdTexceUent coverage and is formed 

from Co, Sn, and Au electrolea L^^SnSg ?S 2 fitodtao the contact portions, thereby 

nating plating thereof. Reference here to lammaong so as _xo Uirowing power of the con- 

pUtrng-simplydesigr^tesapU^gproceduremwhich f ^^^^Ly er 211 at uTcontact regions, 

two layers are successively applied. aufcU c u 
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Furthermore, electro migration, stress migration and 
contact migration tendencies axe substantially elimi- 
nated. 

FIGS. 5(d) and (e) illustrate successive steps in an 
alternative to the process illustrated in FIGS. 5(b) and 5 
(c). Referring to FIG. 5(d), after the structure shown in 
FIG. 5(a) has been formed, two successive silicide/- 
metal layers 215/216 are deposited on insulating layer 
208 and on the surfaces of substrate 201 which were 
exposed by removal of portions of layer 208. Then, a 10 
resist pattern 217 is formed at locations where a conduc- 
tive layer is not to be provided. A copper plating layer 
218 is then deposited in the regions where the resist 
pattern is not present, with the silicide/metal layers 
serving as the plating electrode. 15 

Then, the resist pattern 217 is removed, followed by 
removal of the silicide/metal layers 215, 216 in the 
regions not covered by copper plating 218, the copper 
plating 218 then acting as an etching mask. The result- 
ing conductive structure has a low resistance and a 20 
good throwing power at the contact regions. 

Furthermore, since copper has a lower resistivity and 
higher melting point than aluminum, it is possible to 
achieve a low resistance and good electro migration and 
stress migration properties. The plating layer composed 25 
of Ni, Cr, Pt, Rh, Cr, Au, etc, are formed as thin coat- 
ings so as to provide improved corrosion resistance and 
oxidation resistance for the copper conductive portions, 
thereby giving the conductive portions high strength 
and high reliability. A metal nitride/metal layer can be 30 
used in place of the silicide/metal layer 215/216. 

For example, when the diffused region and the elec- 
trode, etc., are made of silicide, such as Ti-Sahcide, 
electroless plating is achieved only within the contact 
openings subsequent to contact photoetching, thereby 35 
completely filling the openings. Ni, Cu and Au can also 
be used as the plating material. A sufficiently good 
effect ^can be obtained from the conductive portions 
wiUilthev conductive plating formed by depositing the 
silicide/metal after the openings have been completely 40 
filled, as mentioned above, and the normal Al series 
sputtering conductive portions can be formed such that 
the filling of the holes is only achieved by the plating. 

The above structures can be produced even in multi- 
layer conductive arrangements, and further through 45 
holes between the first conductive layer and the second 
conductive layer instead of the contact portions filled 
by the plating can be employed. The plating forming 
the conductive portions can be employed in both the 
first and second layers, and it is possible to form either 50 
of those layers by sputtering. 

Embodiment 3 

FIGS. 6(a) and (b) show successive stages in the 
manufacture of a semiconductive device according to a 55 
third embodiment of the present invention, in which the 
invention is applied to form a bump, or button, elec- 
trode contact. 

After the fabrication of a structure as shown in FIG. 
5(a), a Ti layer 309 is formed to a thickness of 200 A, 60 
followed by the electroless formation of a Ni plating 
layer 310 to a thickness of 2,000 A. Next, a photoresist 
pattern 315 is formed so that photoresist material is 
present at those locations where conductive material is 
not to be provided. Then, a conductive layer 316 of 65 
copper is electrolytically deposited on layer 310 in the 
regions where the resist pattern 315 is not present. The 
resist material 315 is then removed and the portions of 



layers 309 and 310 which are thus exposed are removed 
by ion milling, thereby forming the desired conductive 
pattern. 

Then, as shown in FIG. 6(b) a passivation layer 314 is 
deposited and one or more openings are formed in layer 
314 at each location where a contact button is to be 
formed. In each such opening, a electroless copper 
plating layer 317 having a thickness of the order of 
1,000 A is formed. Thereafter, an electroless nickel 
plating layer 318 is deposited on layer 317 to a thickness 
of about 20 microns, layer 318 constituting the contact 
button. 

As mentioned above, the use of electroless plating 
permits the achievement of an improved contact and in 
particular promotes good adhesion of contact 318. In 
this embodiment, the underlying conductive material is 
formed by copper plating. However, even with the 
normal Al conductive layer, a contact button having 
high reliability can be obtained with the same structure 
as that described above. Moreover, Ni, Cu and Au can 
be used. According to one example, the button contact, 
to which a conductor can be soldered, can be formed on 
contact 318, made of Ni, Cu, or Au, by melt soldering. 

Thus, the present invention provides an improved 
semiconductor device having a structure which elimi- 
nates certain shortcomings of conventional conductive 
layers and contact buttons. In particular, there are sub- 
stantial improvements regarding coverage of the 
contact portions and conductive portions, as well as 
with respect to electro migration resistance, contact 
migration resistance and stress migration resistance. 

Embodiment 4 

FIGS. 1(a) to (e) illustrates successive stages in the 
fabrication of a semiconductor device according to 
another embodiment of the invention. FIG. 7(c) is a 
plan view, FIG. 1(b) is a cross-sectional view along the 
line A— A' of FIG. 7(a), FIG. 7(c) is a view similar to 
that of FIG. 1(b), relative to a subsequent stage in the 
manufacturing process, FIG. (d) is plan view relating to 
a subsequent stage in the manufacturing procedure, and 
FIG. 1(e) is a cross-sectional view taken along the line 
B — B' of FIG. 1(b). This embodiment is directed pri- 
marily to the formation of conductive layers on a 
TiN/Ti layer structure- 
In FIGS. 1, parts 401-408 correspond to parts 
101-108 shown in FIGS. 4. Layer 408 is provided with 
contact openings 409. Layer 408 and contact openings 
409 are covered by a TiN/Ti film 410 on which is 
formed a resist pattern 411, as shown in FIGS. 1(a) and 
1(b)* The other elements shown in FIGS. 7 include a 
copper conductive plating layer 412, 413, a region 414 
from which TiN/Ti material is removed, and a passiv- 
ation layer 415. 

Referring specifically to FIG. 1(b), after formation of 
contact openings 409, which is achieved in a conven- 
tional manner, TiN/Ti layer 410 is formed on the entire 
exposed surface by sputtering, for example. TiN/Ti 
layer 410 is composed of a TiN sublayer having a thick- 
ness of the order of 1,000 A and a Ti sublayer having a 
thickness of the order of 150 A. After formation of layer 
410, resist pattern 411 is applied to all regions where a 
conductive pattern is not to be provided. An exemplary 
resist pattern is shown in FIGS. 1(a) and 1(b). 

Referring to FIG. 7(c), the conductive plating layer 
412, 413 of copper is deposited to a thickness of the 
order of 1 micron, with layer 410 serving as the plating 
electrode. Layer 412,413 can be formed from a pyro- 
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phosphate acid Cu plating bath at a pH of 8,2, with a Embodiment 5 

phosphorous composition of 7.2%, by weight, a bath illustrates a further embodiment of the inven- 

temperature of 5CT C. and a plating current density oi ^ mdudes soi-508 that are identical 

lA/dm 2 . 5 to portions 101-108 of FIGS. 4. 

Then, as shown in FIGS. 1(d) and (e), the resist pat- contact photoetching to form a structure as 

tern 411 is removed, after which those portions of the fa nQ ^ a XaSiw/Tl ^yer 509 is deposited, 

layer 410 which are exposed is removed by etching with ^ f Mdudes a TaSi^s sublayer having a thickness 

an etching liquid of the NH4OH+H2O2 series, after rf ^ onJer of 50 o A and a Ti sublayer having a thick- 

which a PSG or plasma nitride layer 415 is formed as 1Q ne$s Qf ^ ordcr Q f 150 A. Layer 509 is treated by lump 

the passivation layer. annealing of the halogen lump and so on in the presence 

As an alternative to the combination of copper plat- of Nj for a period of the order of 30 seconds at a temper- 
ing on a TiN/Ti layer, it is possible to obtain a similar ature of ^ or der 800' C. During this treatment, the Ti 
result by molybdenum plating on a MoSiis (molybde- ^ si react with one another to form the T1S12 layer 
num silicide rich in Si)/Ti layer, or nickel plating on a 15 510 regions at the semiconductor contacts. Next, a resist 
TiSiWZn structure. Furthermore, the plating layer pattern is formed at those locations where a conductive 
can be applied even in a Ti-Salicide (self aligned sili- pattern is not to be provided. Then, in the re^ons 
cide) process having a TiSi 2 layer in the diffused region where resist is not present, a copper layer aapphedby 
from iTl^Kmimig In the embodiment described electrolytic plating, utilizing a pyrrohne acid copper 

layers in an'advantageous manner. It can equally be reversing ^ is employed, 
applied for forming contact buttons with lower c ^ t ^ tcmatc$ between negative amplitude pha- 
layer corresponding to layer 410 serving as the plating ^ tf whicfa laycr 509 serves as a cathode and 
electrode except for Al. It is then possible to obtain phases during which layer 9 serves 
good reliability in a manner which represents a clear £ ^ During the negative phases, material is 
improvement over the prior art Since conductive paths ^ Qnto ^ ^ whilc during the positive 
composed of copper plating/TiN/Ti are obtained ac- ^ £ hascs> ^ deposited material is subjected to melting, 
cording to the present invention, the coverage proper- By ^ y of example the periodically reversing current 
ties of the conductive structure are excellent Due to the could be composed of negative phases having a dura- 
presence of copper, low resistance, the prevention of tion of ^ order of 40 seconds alternating with positive 
protrusions, and good stress migration and electro mi- phases having a duration of 10 seconds, with a current 
eration properties can be obtained. The inner action 35 density of the order of lA/dm 2 being employed, 
between Cu-TiN-Ti-Si actually results in a Cu/TiNA with this procedure, the throwing power ofthe cop- 
TiSh/Si structure as the result of a heating process per into each contact opening can be unproved by de- 
formed at a temperature of the order of 400* C In position of solute at the anode, During each ne^dve 
ScZ *e structu^xhibits ideal conductive proper- phase of the PR current, coppa r iv dented « *u<*a 
tte riace the contact resistance between the various 40 manner as to take on a convex form. During the subse- 

ttooeoi«»i«si^«K«immdy^M««- ^™^^^^ lWiveponfonsw become more 

found regardless of whether electrolytic platmg or dec- 45 of copper* Jjjj*^ fc and ±e ^ovs 

troless plating is employed. In particular, m ™ eca «°* offflmS09 which ue Aus exposed is removed by etch- 
electroless copper plating, the conductive paths Have fa ^ ^ ^ gu M m etching 

good throwing power at the contact portion, low resis- m ^ fc a nickel-phosphorus layer 512 having a 

tance and high reliability. Hectroless copper 50 thickness of the ordcr of 500 A is formed on conductive 

can be performed using CuSO* 5H20+HCHO(35%- ^ 511 by ^ e iectroless plating procedure. Finally, a 
)+alkanolamine series chelate (as a stabilizing agent) p^^^ 513 ^ deposited on all exposed sur- 
with a pH of 12-12.5 and at a temperature of 20*-50 C. faces to complete the device. 

This embodiment lends itself to a number of vara- 

tions. For example, it is possible to obtain similar results 5J Embodiment o 

employing eiectroless nickel plating to form a NiA piG. 9 shows a further embodiment in which por- 
MoSizo/Ti sequence, the individual layers having re- tions 601-608 are identical to portions 101-108 of FIGS, 
spective thicknesses of 1 micron, 1,000 A and 1 50 A, or 4 

with copper-tin electrolytic plating to form a Cu- After the formation of source and di^ re«rons, the 
Sn/ITO/Zr structure where the respective layers have w gate electrode and isolating insulating film 602 by con- 
thicknesses of 5 000 A, 1.000 A and 200 A, etc. For the ventional processes, TiSi 2 layer 609 is formed at the gate 
conductive oxide film, a sufficient barrier capability and electrode and the diffused source and drain regions by a 
adhesive force can be obtained by using films in the Y, Ti-Salicide process. After die formation of contect 
Ba and Cu series, Sr. Ba and Cu series oxide films, etc openings by reactive ion etching, m which film 608 is 
fn action Since eiectroless plating offers good 65 selectively removed. 

adhesive force and coverage, and has few pin holes, it eiectroless platmg only within the contact openings. 
SnTusS^artcuS? for forming conductive re- The nickel plating layer grows from the lower TiSi 2 . 
can be used, ui particular. lor ionics 609 and can be limited to the contact openings, 

gjons in submicron contact areas. ' 
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Then, a barrier metal layer 611 having a thickness of 811 having a thickness of the order of 5,000 A is depos- 

the order of 1,000 A is deposited, followed by the appli- ited by electrolytic plating and the desired conductive 

cation of a conductive layer 612 of the Al-Si-Cu series, pattern is formed in layer 811 by an appropriate seiec- 

having a thickness of the order of 1 micron, this being tive etching process. Thereafter, an electroless plating 

applied by sputtering. Then, by photoetching, the de- 5 layer 812 of Cr t having a thickness of the order of 400 A 

sired conductive pattern can be produced. Finally, the is deposited on the conductor pattern defined by layer 

surface is completely covered by a passivation layer 811. 

613. Thereafter, an intermediate insulating layer 813 is 
Nickel layer 610 can contain either P or B,. and the deposited, one or more through openings are provided 
same effect can be obtained without the provision of the 10 therein by photoetching, and a second conductive layer 
barrier metal layer 611. Moreover, conductive plating, 314 0 f a material of the Al-Si-Cu series is formed by 
such as copper plating, for example, can be used as the sputtering. Layer 814 is then given in the desired con- 
barrier layer 611 on the electroless nickel plating layer ductive pattern by photoetching and a layer 815 of Ni-P 
610, as described earlier in connection with other em- ^ applied by electroless plating onto the conductive 
bodiments. 15 pattern defined by the remaining portions of metal layer 

Embodiment 7 814 - 815 ^ a of order of 500 

Finally, a passivation layer 816 is deposited to complete 
FIG. 10 shows a semiconductor device manufactured ^ device having a two-layer conductive structure. In 
according to another embodiment of the invention, in ^ embodiment, the second conductive layer can be 
which elements 701-708 are identical to elements 20 f onne< j oy copper plating and electroless Ni plating, as 
101-108 of FIGS. 4. in the case of the first-described conductive layer. 

In FIG. 10, a gate electrode 704 is formed of a phos- 
phorous doped polysilicon layer 710, a barrier metal Embodiment 9 
layer 711 and a copper plating layer 712. The total FIG. 12 illustrates a further embodiment of the inven- 
thickness of gate electrode 704 is of the order of 4,000 A 25 ti on m which elements 901-908 are the same as elements 
<■ and it is possible to reduce the resistance of gate elec- 101-108 of the embodiment of FIGS. 4. After the for- 
trode t<5 a value which is less than 0. 1 ohm per square. nation of a TiSi2 layer 909 on the gate, source and drain 
Contact openings are formed in layer 708 down to reg ionsby a Ti-Salicide process, and contact photoetch- 
TiSi 2 layer 709, which is formed by Ti-Salicide, and . copper regions 910 are formed by electroless plat- 
which is thus on top of diffused region 707. Each 30 ^ a ^pp^ ni ^ formed by electroless 
contact opening is filled with an electroless nickel plat- plating to ^ve the desired conductor pattern. Thereaf- 
ing 713, and a first conductor layer is formed by form- ^ a Nip laycr 912 ^ deposited on the conductor 
ing an A Al-Si series conductive layer 714 and a barrier structurc 9n t layer 912 having a thickness of the order 
metal layer 715. An interlayer insulating layer 716 is Qf 1000 ^ Thereafter, a passivation layer 913 is depos- 
applied and one or more through holes are formed 35 Openings are formed in layer 913 by photoetching 
therein. Each hole is then filled with an electroless md a 9U ^ deposited in each opening by 
nickel-plating 717. electroless plating to a thickness of the order of 20 mi- 
Then^a conductive layer 718 composed of a layer of crQn ^ a soldering plate 915 is formed by electro- 
the Ag&Cu series and having a ^deness of the order less deposi tion to a depth of 20 microns to complete the 
of 1 micron is deposited and the desired conductor 40 roduc ^n of a button contacL 

pattern is formed therein by etching to produce the f ^ ^ ^ ^ explained, the present invention 
two-layer conductive path structure. Finally, a passiv. Qyides ^proved, high reliability conductive path 
ation layer 719 is applied to complete the device. structures suitable for highly integrated semiconductor 

It is possible to form the conductive layer by platmg fonnin ^ 0Qnductive ath structures by 

and conductive dements 713-717 <^ competed of 45 ^^^J^ or electrolytic metal plating with 
Cu, Co, A* Rh, Cr, soldering, etc., m addition to Ni. As £ of barrier metal, which is impossible in the 

concerns the barrier metal 715, a good effect can be T ~ 

achieved using a single layer or a combination layerof P n embodiments of the invention, electro 

a metal havmg a high meltmg poml. metal sihcide, mml ^ c Ni ^ ^ performed with a sulfaminic add 

nitride, metal carbide, or a cono^ctive oxide layer. ^ 50 ^^/^ Shaving a pH of 3.5 and at a 
ner layer 715 can also be a plated metal layer of I^e^x ^ rf c a current density 

As shown at the nght-hand side of FIG. 10, a wiring ^ c - - nA /a 2j 

structure 704' can bTformed in the same process as ^ of2-30A/dm2 tn 

electrode 704 and is composed of parts of layers 710, Electroless Ni plating can be formed, according to 
71? £d 7lTso±at elec^704 iTcontiguous with 55 the present invention, employing sodmm hypophos- 
w^" 704^ou^ the connection therebetween does Phonte as the reducing agent Such a process is repre- 
not appear in FIG 10. Structure 704' constitutes con- rented by the following equation: 
necting wiring for electrode 704 rf+ +n#Oi- +H0~*ri+*iKh- +m+ 

Embodiment 8 $q 

FIG. 11 shows a device constructed according to yet WUh & ^ a temperanire of w c . s ^ a separa- 
another eminent of the mvention, m wfccb , ele- £ ^ 

ments 801-808 are the same as elements 101-108 of According to another possibility, a boron hydride 

FI( ?£ 4 , , - r -r-c- i ono fU* «»a compound can be used as the reducing agent, in a pro- 
After the formation of T1S12 layer 809 on the gate 65 to lhe flowing equation: 

source and drain regions, by a Ti-Salicide process, and ^ ^ u g 6 ^ 

photoetching, a barrier metal layer 810 of TiC having a 4Nia 2 +2NiBH4+6NaOH-2Ki 2 B+8Naa+. 
thickness of 1,000 A is deposited. Then a copper layer H2O+H2 T 
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What is claimed: j 
1. A method of fabricating a semiconductor! device, 
comprising the steps of: / 
providing a substrate having a doped semiconductor 
region, and a gate wiring, forming a lower conduc- 
tor structure, and contacting the metal plating 
layer and forming/an insulating layer overlying 
said lower structure, and contacting the metal plat- j 0 
ing layer and having ^"least one through opening 
extending to said lower conductor structure; and 
forming an upper conductor structure which also 
includes a metal plating layer on the insulating 
layer and causing the upper conductor structure to 15 
be connected to the lower conductor structure via 
the through opening; 
wherein each said step of forming a conductor struc- 
ture is carried out by: 20 
forming at least one layer of a metal, a metal sili- 
cide, a metal nitride, a metal carbide, or a con- 
ductive oxide film; and 
performing a plating operation in order to form the 
metal plating layer on the at least one layer, so 25 
that the metal plating layer adheres to the at least 
one layer, and 
wherein said steps of forming a lower conductor 
structure and an upper conductor structure are 
carried out so that the at least one layer of the 30 
upper conductor structure contacts the metal 
plating layer of the lower conductor structure. 
2. A method of fabricating a semiconductor device, 
comprising the steps of: 35 
providing a substrate having a dope? semiconductor 
region, a gate wiring, a lower conducted structure 
which includes a metal plating layer, and an insu- 
lating layer overlying said lower/ structure and 
contacting metal plating layer and having at least 40 
one through opening extending to said lower con- 
ductor structure; and 
forming an upper conductor structure on the insulat- 
ing layer and causing the upper conductor struc- 

45 



ture to be connected to the lower conductor struc- 
ture via the through opening; 
wherein said step of forniing an upper conductor 
structure is carried out by: 
forming at least one layer of a metal, a metal sili- 
cide, a metal nitride, a metal carbide, or a con- 
ductive oxide film; 
performing a plating operation in order to form a 
metal plating layer on the at least one layer, so 
that the metal plating layer adheres to the at least 
one layer; and 
after said step of performing a plating operation, 
performing a thermal treatment in order to dif- 
fuse material from the plating layer into the at 
least one layer. 
3. A method of fabricating a semiconductor device, 
comprising the steps of: 

providing a substrate having a doped semiconductor 
region, a gate wiring, and an insulating layer over- 
lying said semiconductor region and having at least 
one through opening; and 
forming a conductor structure on the insulating layer 
and causing the conductor structure to extend into 
the through opening; 
wherein said step of forming a conductor structure is 
carried out by: 

forming at least one conductor layer of a metal, a 
metal silicide, a metal nitride, a metal carbide, or 
a conductive oxide film; 
forming a patterned resist layer on the at least one 
conductor layer, the patterned resist layer hav- 
ing at least one opening which- exposes a part of 
the at least one conductor layer; 
performing a plating operation in order to form a 
metal plating layer on the at least one conductor 
layer in the opening in the patterned resist layer, 
so that the metal plating layer adheres to the at 
least one conductor layer; 
removing the patterned resist layer, and 
removing portions of the at least one conductor 
layer which are not covered by the metal plating 
layer, by an etching operation, using the metal 
plating layer as an etching mask. 
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